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AMOUNT A N D  NUTRIENT CONTENT OF PARTICLES PRODUCED 

BY SOIL AGGREGATE ABRASION 

L .  J .  Hagen 
Assoc. Member ASAE 

Leon Lyles 
Member ASAE 

From s tud ie s  of wind erosion in  wind tunnels  and on farm f i e l d s ,  much p r a c t i -  
cal knowledge a b o u t  the  physics of wind erosion h a s  been amassed (Chepil a n d  
Woodruff 1963). During wind erosion,  s a l t a t i n g  p a r t i c l e s  abrade the sur face  
aggregates.  Typically,  b o t h  the aggregates and the  s a l t a t i n g  p a r t i c l e s  ( =  
100 t o  840 vm diameter) break down under impact and cont r ibu te  t o  the  suspen- 
s ion-s ize  pa r t i c l e s  (<  100 urn diameter ) ,  which a r e  t ransported beyond s t a b l e  
f i e l d  boundaries. 
can be t ransported tens  of kilometers by the  wind. However, much i s  s t i l l  
unknown about the  r e l a t i v e  importance of t he  various f a c t o r s  which control  
the  c rea t ion  and emission of f i n e  p a r t i c l e s  during w i n d  erosion.  

Because many var iab les ,  such a s  impacting p a r t i c l e  ve loc i ty ,  a r e  usua l ly  
unknown in the  f i e l d ,  a laboratory study of aggregate abrasion was designed 
where many of t he  var iab les  could be cont ro l led .  One objec t ive  of the s tudy  
was t o  determine the  amount of suspension-size p a r t i c l e s  produced, a s  i n f l u -  
enced by ve loc i ty ,  impact angle,  diameter,  and tex ture  of the impacting 
sa l t a t ion - s i ze  pa r t i c l e s  and the  s t a b i l i t y  o f  the  t a r g e t  aggregates.  A sec- 
ond objec t ive  was t o  determine the nu t r i en t  content  o f  the s a l t a t i o n - s i z e  
and f i n e  suspension-size p a r t i c l e s  c rea ted ,  compared t o  t h e i r  parent aggre- 
ga tes  t o  check for nut r ien t  enrichment. Soi l  samples trapped in  f i e l d  s a l t a -  
t i on  catchers  a l so  were checked f o r  ava i l ab le  phosphorus enrichment. 

The f i n e  suspension-size p a r t i c l e s  ( <  50 pin in diameter)  

REVIEW OF LITERATURE 

In the f i e l d ,  the  f ac to r s  t h a t  control  s o i l  aggregate production and degrada- 
t i on  include cropping systems, microorganisms, earthworms, cu l t i va t ion ,  and  
c l imate  (Harr is  e t  a l .  1966). Soil  aggregates > 1.0  mm i n  diameter,  which 
occur a t  a given loca t ion ,  show l i t t l e  va r i a t ion  i n  either chemical composi- 
t i on  or tex ture  (Tabatabai and  Hanway 1968).  
below 1.0 mm in  diameter, d i f fe rences  appear among aggregate size f r a c t i o n s  
when s o i l  i s  fragmented i n  water using ag i t a t ion  o r  u l t r a son ic  dispers ion t o  
reduce aggregate s i z e  (Chichester 1969, Cameron and Posner 1979). 

Differences i n  t ex ture  between the  parent so i l  and suspension-size p a r t i c l e s  
created by wind erosion a l so  have been reported.  From observations o f  wind- 
eroded f i e l d s ,  Chepil (1957) found t h a t  s i l t  was more r ead i ly  depleted from 
eroding s o i l  than were the  sand or c l ay  port ions.  He a l so  found t h a t  w i n d  
erosion caused l i t t l e  tex tura l  change in  loess  s o i l s  b u t  tended t o  remove 
the  f i n e  cons t i tuents  from coarse- textured s o i l s ,  leaving the  sand behind. 

However, a t  aggregate s i z e s  

Contribution from the  U.S. Department of Agricul ture ,  Agricultural  Research 
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t u ra l  Experiment S ta t ion .  Contribution 85-139-A. 

The  authors a r e :  L .  J .  Hagen, Agricul tural  Engineer, and Leon Lyles, 
Research Leader, USDA, ARS, Kansas S t a t e  Universi ty ,  Manhattan, Kansas. 
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G i l l e t t e  (1977) measured the  ve r t i ca l  (suspension) f lux  of p a r t i c l e s  < 20 pm 
diameter caused by wind erosion and the  t o t a l  horizontal  ( s a l t a t i o n  and 
creep)  so i l  f lux  on several  f i e l d s .  He found t h a t  r a t i o s  of t he  ve r t i ca l  t o  
horizontal  f lux  had grea t  s c a t t e r  on sandy s o i l s  and the re  was l i t t l e  ev i -  
dence of a trend with windspeed. For loamy s o i l s  there  was a la rge  increase 
in  the  f lux  r a t i o  a s  windspeed increased.  In general ,  he found t h a t  f i n e r  
textured s o i l s  produced a higher r a t i o  of ve r t i ca l  t o  horizontal  f lux  t h a n  
coarse- textured s o i l s ,  except f o r  a c l ay  so i l  where the  small aggregates were 
s t a b l e  enough t o  r e s i s t  impact breakage. 

Nutr ient  enrichment of wind-eroded suspension or sa l  t a t i on - s i ze  p a r t i c l e s  has 

(1983) reported t h a t  t o t a l  phosphorus measured in  wind-eroded material  depos- 
i t ed  on snow was very la rge  compared t o  t o t a l  phosphorus in  waterborne sed i -  
ment. They suggested fu r the r  study o f  t h i s  phenomenon. 

Although the  c rea t ion  and emission of f i n e  p a r t i c l e s  a r e  complicated pro- 
cesses ,  t he re  i s  a need t o  determine how various f ac to r s  control these pro- 
cesses  so t h a t  c rea t ion  and emission of f i n e  p a r t i c l e s  can be ca lcu la ted  i n  
simulation models on a f i e l d  sca l e  f o r  a wide va r i e ty  of s o i l s .  E a r l i e r ,  
Hagen (1984) reported how impact p a r t i c l e  f ac to r s  and t a r g e t  aggregate s t a -  
b i l i t y  cont ro l led  t o t a l  abrasive erosion from t a r g e t  aggregates.  This repor t  
i s  a cont inuat ion of the  e a r l i e r  ana lys i s ,  with emphasis on the  production 
o f  f i n e  suspension-size p a r t i c l e s  d u r i n g  abrasion.  

ir been l i t t l e  s tud ied .  However, in  some preliminary work, Merva and Peterson 

EXPERIMENTAL PROCEDURES 

A commercial sandblasting nozzle was used t o  abrade individual so i l  aggre- 
gates  ( 4  t o  8 cm diameter) with weighed amounts of abrader.  The aggregates  
were placed ins ide  a cyclone separator  during abrasion and b o t h  the  abrader 
and abraded s o i l  were co l lec ted  in  var ious par t s  o f  an abrasion s a m p l i n g  
apparatus (Fig.  1 ) .  The abrasion apparatus was designed t o  aerodynamical l y  
separa te  p a r t i c l e s  < 100 pm diameter and t r a p  them in  the  l a r g e s t  cyclone, 
while f i n e r  p a r t i c l e s  were trapped i n  both cyclone separa tors ,  a s  well a s  on 
the impaction p l a t e s .  

F i g .  1 Abrasion Apparatus Schematic 
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Because of the  probabi l i ty  of c rea t ing  new f i n e  p a r t i c l e s  d u r i n g  s ieving 
small amounts of f i n e  p a r t i c l e s  ( <  53 urn diameter)  from the  l a rge  amounts of 
sand abrader trapped i n  the la rge  cyclone, 10 ca l ib ra t ion  t e s t s  with small 
amounts of so i l  abrader were performed t o  r e l a t e  t o t a l  production of f i n e  
p a r t i c l e s  t o  those trapped i n  the  small cyclone and on the  impaction p l a t e s .  
A regression equation with coe f f i c i en t  of determination ( R 2 )  of  0.97 then 
was used i n  subsequent abrasion t e s t s  t o  pred ic t  t o t a l  f i n e  p a r t i c l e  produc- 
t i o n ,  based on the  subsamples co l lec ted  i n  the  small cyclone and on the 
impaction p l a t e s .  During both ca l ib ra t ion  and  abrasion t e s t s ,  a s teady flow 
of 9.44 L/s  (20 f t3 /min)  a t  STP was maintained in  the  abrasion apparatus by 
the flow c o n t r o l l e r .  The sandblasting nozzle a l so  was ca l ibra ted  using p r o -  

‘ cedures described e l  sewhere (Hagen 1984). 

For the abrasion t e s t s ,  so i l  samples of Haynie very f i n e  sandy loam and 
Wymore s i l t y  c l ay  loam were co l lec ted  from the sur face  of t i l l e d  f i e l d s  and 
a i r -d r i ed .  
t i ons  t o  be used a s  t a r g e t s  and abrader.  In add i t ion ,  local quartz r i v e r  
sand a l s o  was washed and sieved for  use as  an abrader .  The three  sieved 
s i z e  f r ac t ions  used f o r  abrader were 100 t o  150, 290 t o  420, and 590 t o  840 
pm i n  diameter.  One s ide  o f  the  t a r g e t  aggregates was leveled w i t h  a knife  
fo r  use a s  the  impaction surface.  

Four impact v e l o c i t i e s  ( V  ) were used f o r  each abrader s i z e .  The various V 
were obtained by varying !he nozzle a i r  pressure and ranged from 400 t o  120B 
cm/s f o r  the  smal les t  abrader p a r t i c l e s  t o  300 t o  900 cm/s f o r  the l a r g e s t .  
Two t o  6 g o f  s o i l  were abraded from t a r g e t  aggregates.  Soil  abrader was 
always the  same t ex tu re  a s  the  t a r g e t  aggregate ,  while sand  abrader was used 
on t a r g e t s  of a l l  t ex tu res .  Three abrader impact angles (a) of 15, 30, and 
90 degrees were obtained by changing the  angle of the  nozzle r e l a t i v e  t o  t h e  
impact sur face .  

After abras ion ,  each t a r g e t  aggregate was subjected t o  a drop-shat ter  t e s t  
s imi la r  t o  t h a t  described by Farrel l  e t  a l .  (1967).  The aggregates were 
dropped ins ide  a t u b e  o n t o  a concrete f l o o r  from a height o f  2 t o  3 m ,  a n d  
the r e s u l t a n t  p a r t i c l e  s i z e  d i s t r ibu t ion  was determined by s ieving.  
i n p u t  t o  the aggregate was calculated from the d r o p  height .  New surface 
area created by the  d r o p  was calculated from the s i z e  d i s t r ibu t ion ,  assuming 
t h a t  the  p a r t i c l e s  were spher ica l .  The r a t i o  of energy input t o  new su r face  
area created was used a s  a measure of aggregate s t a b i l i t y  ( S a ) .  

The amount of f i n e  p a r t i c l e s  (WF) created during abrasion of aggregates was 
analyzed using mul t ip le  regression of  the following primary var iab les :  

The  s o i l  samples then were ro t a ry  sieved t o  separate  the  f r ac -  

Energy 

where WF i s  the  r a t i o  of f i n e  suspension-size p a r t i c l e s  ( <  53 pm diameter)  
i n  g per kg of abrader ,  a i s  angle of abrader impact i n  degrees,  d p  i s  aver-  
age abrader diameter i n  pm, V p  i s  average p a r t i c l e  impact veloci ty  in cm/s, 
Sa i s  average s t a b i l i t y  of 4 aggregates in  J/m2, AM i s  abrader mass in  g ,  
and W i s  the  r a t i o  of t o t a l  predicted abras ive  erosion from the t a r g e t s  i n  g 
per kg of abrader .  Regression equations f o r  W were presented in  a n  e a r l i e r  
repor t  (Hagen 1984) - 
Secondary var iab les  constructed from the  primary var iab les  and t h e i r  i n t e r -  
ac t ions  a l so  were added t o  the data s e t .  Each data  observation of WF was 
based on co l l ec t ion  of f i n e  pa r t i c l e s  from four t a r g e t  aggregates.  Because 
no s ing le  equation produced a s a t i s f a c t o r y  f i t ,  separa te  regression equa- 
t ions  f o r  WF were calculated for  three  data  s e t s :  ( a )  67 observations o f  
sand abrader on  both so i l  t ex tu res ,  ( b )  53 observations of so i l  abrader on 
very f i n e  sandy loam, and ( c )  18 observations of s o i l  abrader on  s i l t y  c l a y  
loam aggregates .  Most of the  observations in the l a t t e r  data s e t  were made 
with a = 15 degrees.  
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From the two s o i l s  s tudied in  the abrasion t e s t s ,  composite samples of seven 
s i z e  f r ac t ions  ( t rea tments )  of each tex ture  were prepared f o r  chemical and 
tex tura l  ana lys i s .  
e t e r )  t r a p p e d  i n  small cyclone, th ree  s a l t a t i o n  s i z e s  used a s  abrader,  parent 
o i l  aggregates,  and < 53 pm and 53 t o  250 pm p a r t i c l e s  created by crushing 
and s ieving parent aggregates.  In addi t ion ,  four s imi l a r  s i z e  f r ac t ions  
( t rea tments ) ,  excluding the  three  s a l t a t i o n  s i z e s ,  of a Keith s i l t  loam so i l  
a l so  were prepared. 
(N03-N), ammonium ni t rogen (NH4-N), avai lab le  phosphorus ( P ) ,  potassium ( K ) ,  
and organic matter ( O M ) .  
d i f ferences i n  nu t r i en t  contents  among the  var ious size f r ac t ions .  

Eroded sa l t a t ion - s i ze  s o i l  par t ic les /aggrega tes  co l lec ted  i n  wind erosion 
(Bagnold) ca tchers  (1977-78) located in  Major Land Resource Areas ( M L R A )  72  
and 77 (Nebraska, Colorado, Kansas, Oklahoma, New Mexico, and Texas) were 
analyzed fo r  ava i lab le  phosphorus. 
cropland and rangeland s i t e s  according t o  s o i l  wind e r o d i b i l i t y  groups ( W E G )  
(Table 1 ) .  To make comparisons w i t h  the eroded ma te r i a l ,  residual (pa ren t )  
s o i l  samples t o  5.1 cm depth obtained within 15 m o f  each catcher a l so  were 
analyzed for  ava i l ab le  P.  
Kansas S ta t e  University Soil  Testing Laboratory. 

Table 1 .  

These f r ac t ions  included suspension-size ( <  53 pm diam- 

Each so i l  f r ac t ion  was analyzed f o r  n i t r a t e  nitrogen 

Duncan's mult iple  range t e s t s  were used t o  test for  

4 

The erosion ca t che r s  were located on both 

All the  nu t r i en t  analyses  were performed a t  the  

Soil  Wind Erod ib i l i t y  Groups (WEG) _________________--_____________________------------------------------------ ____________________-----_---------------------------------_---------------- 
Dry so i l  Wind 

Predominant s o i l  t ex ture  c l a s s  aggregates erodi b i l  i t y  
WEG of surface layer  over 0.84 mm index ( I )  

% t / ( h a * y r )  
1 Very f i n e  sand, f i n e  sand, sand, or coarse  1 695 

sand. 2 561 
3 493 
5 404 
7 359 

2 Loamy very f i n e  sand, loamy f i n e  sand, loamy 10 300 
sand, loamy coarse sand, or sapr ic  organic 
mater ia ls .  

loam, o r  coarse  sandy loam. 

s i l t y  c lay  loam with more than 35 percent c lay  
content .  

c lay  loam and s i l t y  c lay  loam. 

20 percent c lay  content ,  or sandy c lay  loam, 
sandy c lay ,  and hemic organic s o i l  mater ia l .  

20 percent c lay  content ,  o r  noncalcareous c lay  
loam with l e s s  t h a n  35 percent c l ay  content .  

than 35 percent c lay  content  and  f i b r i c  organic 
so i l  mater ia l .  

coarse fragments or wetness, wind erosion n o t  
a problem. 

3 Very f ine  sandy loam, f i n e  sandy loam, sandy 25 193 

4 Clay, s i l t y  c l ay ,  noncalcareous c lay  loam, o r  25 193 

4L Calcareous loam and s i l t  loam, or  calcareous 25 193 

5 Noncalcareous loam and s i l t  loam w i t h  l e s s  t h a n  40 126 

6 Noncalcareous loam and s i l t  loam with more than 45 108 

7 S i l t ,  noncalcareous s i l t y  c lay loam with l e s s  50 a5 

8 So i l s  n o t  su i t ab le  f o r  cu l t i va t ion  due t o  -- -- 

________________-_-_____________________------------------------------------ ______________-__-__-----------___--------------------_--------------------_ 
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RESULTS A N D  DISCUSSION 

Suspension-Size Predict ions 

To f ind predict ion equations for  WF, a number of mul t ip le  l i n e a r  regression 
models were considered. Using a stepwise regression procedure, the bes t  s i x -  
var iab le  model found t o  p r e d i c t  WF f o r  sand abrader was 

WF = 17.79 + 0.002293 W 2  - 8.41 x W 3  - 0.05705 d + 5.97 x dp2 - 
P 

0.04 x d V + 4.9 x l o m 7  aV 2. (2) P P  P 
The c o e f f i c i e n t  of mul t ip le  determination (R2) f o r  t h i s  model was 0.87. When 
u s i n g  sand abrader ,  the only source of  WF was the t a r g e t  aggregates ,  and the 
r e l a t i v e  proportion of  WF t o  t o t a l  aggregate abrasive erosion (W) varied w i t h  
t e s t  condi t ions (F ig .  2 ) .  As Sa increased, t he  r e l a t i v e  proportion of  WF 
increased a t  low v e l o c i t i e s .  T h i s  was probably because t h e  slowest p a r t i c l e s  
did not have enough k i n e t i c  energy t o  remove l a rge  fragments upon impact- 
However, W a t  an Sa of 8 .0  J/m2 was about 114 the  value o f  W a t  2.0 J/m2 
(Hagen 1984), so the absolu te  value o f  WF decreased a s  S, increased using 
sand abrader .  

dP 1 '"t CURVE o(. Vp 

355 
I 15 350 

15 700 

W 
0.4 

0.2 

I I I I I 
0 2 4 6 0 I O  

sa ( J / r n *  1 

F i g .  2 Predicted Ratio of  Suspension-Size ( <  53 pm Diam- 
e t e r )  t o  Total Erosion from the Target f o r  Sand 
Abrader a s  a Function of Aggregate S t a b i l i t y  and 
Abrader Velocity 

For very f i n e  sandy loam, the  best seven-variable model found was 

WF = 73.85 + 44.623 Sa - 4.9476 Sa2 - 2.794 ~1 + 0.03169 c i2 - 

0.03653 Sa d p  + 3.8 x aVP2 - 0.04569 AM. (3 )  
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The R 2  f o r  the preceding model was 0 . 7 9 .  
suggests  t h a t  the t a r g e t  surfaces  became smoother a s  abrasion progressed. 

For an AM of 200 g per t a r g e t ,  WF o f  both very f i n e  sandy loam a n d  sand 
abrader increased with VI! b u t  decreased with d p  as p l o t s  of E q .  ( 1 )  a n d  ( 2 )  
show ( F i g .  3 ) .  Using s o i l  abrader caused a three-  t o  f i f t e e n f o l d  increase i n  
WF over sand abrader f o r  the condi t ions p lo t ted .  A portion of  the increased 
WF may come from the  t a r g e t  aggregates ,  because the s o i l  abrader tends t o  
fragment on impact. However, the  majori ty  of t h e  WF came from the so i l  
abrader .  
- + 1.33 J/m2. 

The decrease i n  WF a s  Am increased 

Average Sa f o r  the  very f i n e  sandy loam t a r g e t  aggregates was 2.3 

Fig. 3 Predicted Production of Fine P a r t i c l e s  ( <  53 wm 
Diameter) from Very Fine Sandy Loam Aggregates Per 
kg o f  Impacting Sand (Dashed Lines) and from b o t h  
Aggregates and Very Fine Sandy Loam Abrader (Solid 
Lines) a s  a Function of Abrader Velocity a n d  Diam- 
e t e r  

For s i l t y  c lay  loam abrader,  the  best  e ight -var iab le  model found was 

WF = 238.31 - 0.6837 W 2  t 0.010155 W 3  + 2 .9727  S a 2  + 0.6219 V p  - 

0.059534 Sa V p  - 1.49671 a Sa + 0.187702 W 2  a - 0.3262 AM. ( 4 )  

The R2 f o r  the preceding model was 0.81. 
per t a r g e t ,  the  WF of s i l t y  c lay  loam abrader followed t rends s imi la r  t o  t h a t  
of f i n e  sandy loam abrader (Fig.  4 ) .  Under s imi la r  t e s t  condi t ions ,  t h e  
s i l t y  c lay  loam abrader produced higher WF t h a n  the  very f i n e  sandy loam 
abrader .  I n  c o n t r a s t ,  the s a n d  abrader on s i l t y  c lay  loam produced lower WF 
than o n  t h e  f i n e  sandy loam t a r g e t s .  T h i s  e f f e c t  was probably due t o  the 
s t a b i l i t y  of t h e  s i l t y  c lay  loam t a r g e t s ,  which averaged 6.6 f 3 . 7  J/m2. As 
V p  and d p  increased, b o t h  abrader a n d  abraded material  broke i n t o  l a r g e r  
fragments (Fig.  4 ) .  

For typical  t e s t s  with AM of 500 g 
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F i g .  4 Predicted Production of Fine Pa r t i c l e s  ( <  53 pm 
Diameter) from S i l t y  Clay Loam Aggregates Per 
kg  of Impacting Sand Abrader (Dashed Lines) and  
from b o t h  Aggregates and S i l t y  Clay Loam Abrader 
(Sol id  Lines) a s  a Function of Abrader Velocity 
and Diameter 

For AM of 200 g per t a r g e t ,  the  e f f e c t  of impact angle on very f i n e  sandy 
loam t a r g e t s  i s  shown in Fig. 5. 
increased WF s l i g h t l y .  
towards a minimum as a increased from 15 t o  30 degrees b u t  then increased 
sharply towards a maximum a t  90 degrees.  Evidently,  normal impact i s  the 
most e f f e c t i v e  in  breaking down the  abrader and t a r g e t  t o  f ine  p a r t i c l e s  
even though Hagen (1984) showed t h a t  t o t a l  erosion from the  t a rge t s  was 
l a r g e s t  a t  20- t o  30-degree impact angles .  

Increasing the  angle of  sand abrader 
However, WF f o r  very f i n e  sandy loam abrader decreased 

As f i e l d  erosion proceeds, the  i n i t i a l  s a l t a t i o n - s i z e  pa r t i c l e s  decrease in  
s i z e  and change in  composition unless they were i n i t i a l l y  sand p a r t i c l e s .  
T h u s ,  the  production o f  WF fo r  the  s o i l  abrader i n  E q .  ( 2 )  and ( 3 )  should be 
viewed a s  maximums produced during the  f i r s t  few impacts. The production 
r a t e  of new sa l t a t ion - s i ze  p a r t i c l e s  by abrasion wil l  determine i f  WF s t a y s  
near t h e  maximum d u r i n g  an erosion event .  In con t r a s t ,  the  production o f  
WF from sand abrader ( E q .  1 )  l i k e l y  represents  f i e l d  minimums fo r  impacts on 
s t a t iona ry  aggregates of a given s t a b i l i t y .  We have not studied WF produc- 
t i on  of s a l t a t ion - s i ze  p a r t i c l e s  s t r i k i n g  sur face  p a r t i c l e s  t ha t  move on  
impact b u t  would speculate  t h a t  WF production would be l e s s  t h a n  o n  s t a t i o n -  
ary aggregate t a r g e t s .  

Mechanical ana lys i s  of the three  s o i l s  showed t h a t  the surface of t he  s i l t y  
c lay loam so i l  was ac tua l ly  on the border between a s i l t  loam and  a s i l t y  
c lay  loam and t h a t  i t s  s a l t a t ion - s i ze  p a r t i c l e s  became s i l t  loam i n  t ex tu re  
a f t e r  use a s  a n  abrader (Table 2 ) .  
the  suspension-size p a r t i c l e s  ( <  53 pm) obtained by crushing and s ieving par- 
ent  s o i l  aggregates produced a f r ac t ion  enriched in  s i l t  primary p a r t i c l e s .  

The mechanical ana lys i s  a l so  showed t h a t  
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Evidently,  s i l t  p a r t i c l e s  a r e  eas i e r  t o  break down t o  suspension-size from 
the s o i l  aggregates than a re  c l ay  p a r t i c l e s ,  which tend t o  remain in  aggre- 
ga tes  l a rge r  than suspension-size.  

I40 
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- 80 
0 
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\ 
0 - 60 

s 
40 

I -CURVE ABRADER Vp dp So 
(cm/r) (vm) (J/mt) 
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I SOIL 700 355 2.0 

4 SANO 350 355 2 . 0 )  
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Fig. 5 Predicted Production of Suspension-Size Pa r t i c l e s  
(<  53 vm Diameter) from Very Fine Sandy Loam Aggre- 
ga tes  Per kg  of Impacting Sand Abrader (Dashed 
Lines) and from both Aggregates and Very Fine Sandy 
Loam Abrader (Solid Lines) as  a Function of Abrader 
Impact Angle and Velocity 

Whether most coarse  s i1  t p a r t i c l e s  a r e  suspended f o r  long-range t r anspor t  
depends on the windspeeds d u r i n g  erosion events.  
reported t h a t  t r a j e c t o r i e s  of s o i l  p a r t i c l e s  a re  s ign i f i can t ly  a f fec ted  by 
s e t t l i n g  when the  r a t i o  of p a r t i c l e  sedimentation ve loc i ty  ( V , )  t o  wind 
f r i c t i o n  ve loc i ty  (u,) i s  above 0.12 and l e s s  than 0.68. 
e t e r  p a r t i c l e ,  dens i ty  2.0 g/cm3, s e t t l i n g  ve loc i ty  10 cm/s, and u, of 70 
cm/s, t he  r a t i o  i s  about 0.14. T h u s ,  under s t rong erosive winds the  s i l t  
f r ac t ion  would be most l i k e l y  t o  be abraded t o  suspension-size and ca r r i ed  
long d is tances .  

G i l l e t t e  e t  a l .  (1974) 

For a 40-vm-diam- 
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Pr imar v 
Texture of p a r e n t  s o i l  

Very f i n e  S i l t  S i l t y  
Treatment par t  i c i e  sand; loam 1 oam c l a y  lbam ----------------- (%)  __- -___-__- -____ 

Eroded s o i l  (urn) 

< 53 sand 0.07 0.01 0.01 
s i l t  79.16 72.48 75.36 
c lay  20.77 27.51 24.63 

100 - 150 sand 79.11 
s i l t  16.01 
c lay  4.88 

290 - 420 sand 76.36 
s i l t  18.87 
c lay  4.77 

590 - 840 sand 46.29 
s i l t  41 .89 
c lay  11.82 

Parent s o i l  (pm) 

4.79 
73.69 
21.52 

5.18 
74.49 
20.33 

9.79 
71.29 
18.92 

53 sand 0.70 0.82 0.16 
s i l t  89.09 82.12 82.11 
c lay  10.21 17.06 17.73 

For 40 pn diameter p a r t i c l e s  with u* of 25 cm/s, t h e  r a t i o  Vs/u ,  equals  0.4. 
T h u s ,  under  low eros ive  winds, p a r t i c l e s  i n  the c o a r s e - s i l t  range a r e  subjec t  
t o  considerable  aerodynamic separat ion from the suspended s o i l .  In  t h i s  
s tudy,  abrasion followed by s e l e c t i v e  aerodynamic separa t ion ,  a s  t y p i f i e d  by 
the f i r s t  t reatment  i n  Table 2 ,  s imulates  t h e  e f f e c t  of low t o  moderate ero-  
sive w i n d s p e e d s .  The f i r s t  treatment produced a suspension-size mixture 
enriched i n  both s i l t  and c lay  primary p a r t i c l e s  compared t o  t h e  parent  s o i l .  
After abras ion ,  the two smallest s a l t a t i o n - s i z e  f r a c t i o n s  of very f i n e  sandy 
loam were higher i n  sand b u t  lower i n  s i l t  than the parent  s o i l .  

Nutrient Content 

Nutrient concentrat ions of composite samples were s i m i l a r  f o r  a l l  s i z e  f r a c -  
t i o n  t reatments  except the f i r s t  one ( T a b l e  3 ) .  The n u t r i e n t  content  of t h e  
< 53 pm diameter s o i l  i n  the f i r s t  t reatment  was s i g n i f i c a n t l y  g r e a t e r  t h a n  
the whole parent s o i l  i n  a l l  cases  a t  the 0.05 level  except f o r  NHk-N, which 
was s i g n i f i c a n t  a t  the 0.10 l e v e l .  

One can def ine  enrichment r a t i o s  ( E R )  a s  the r a t i o  of nutrients i n  t h e  eroded 
s o i l  t o  t h a t  i n  t h e  parent s o i l .  For treatment one, adding N03-N and NH4-N 
gives an approximate ER f o r  ava i l ab le  N of 3.71. The ER f o r  a v a i l a b l e  P is 
2.25, f o r  K 1.67, and  f o r  OM 1.91. As one moves f u r t h e r  from the  w i n d  ero- 
s ion source a r e a ,  t h e  s i z e  d i s t r i b u t i o n  of p a r t i c l e s  tends t o  become f i n e r  
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t h a n  the s i z e  d i s t r i b u t i o n  in the immediate e rod ing  area ( G i l l e t t e ,  1977).  
This downwind sp r t ing  wil l  l i k e l y  cause the ERs of suspended p a r t i c l e s  a l so  
t o  increase with d is tance  from the source.  

Table 3. Nutrient and Organic Matter Content of Various Soil Size Fractions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Treatment No. NO 3- N N H 4 - N  P K OM a 

---------------- ( p g / g )  --------------- % Eroded so i l  (pm)  

< 53 3 39.8 a 32.8 c 95.2 e 816.7 g 4.77 i 
i 100 - 150 2 23.5 ab 5 .0  d 34.0 f 350.0 h 2.55 i j  

290 - 420 2 18.1 b 4.6 d 31.3 f 337.5 h 2.10 j 
590 - 840 2 27.7 ab 9.2 cd 39.0 f 395.0 h 2.90 i j  

Parent so i l  (pm) 

aNumber of so i l  textures (observat ions)  in  each mean 
bTreatment means followed by the same l e t t e r  a r e  n o t  d i f f e r e n t  a t  t h e  0.05 

level using Duncan's mult iple  range t e s t  

Using the t - tes t  t o  compare d i f fe rences  between P i n  windblown (eroded)  and 
residual  s o i l s  indicated s ign i f i can t ly  more P in  windblown cropland samples 
for  three of e igh t  WEGs (Table 4 ) .  Results from s imi la r  t e s t s  on rangeland 
showed more P in  three of seven WEGs. Data from cropland s o i l s  were more 
var iab le  t h a n  those from rangeland s o i l s ,  and 28 percent of P measurements on 
parent samples were l a rge r  than those from windblown samples. 
t o  13 percent f o r  rangeland samples. Apparently, i n  some cases n o t  enough 
observations were ava i l ab le  t o  de t ec t  d i f f e rences ,  e .g . ,  WEG 5 s o i l  on  range- 
land contained 5.1 times more P in  windblown than residual  samples b u t  the  
means were n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  95 percent level (only two 
observations were ava i l  a b l e ) .  

T h a t  compares 

Pooling a l l  t he  cropland data w i t h o u t  regard t o  WEG showed s i g n i f i c a n t l y  
la rger  amounts of P in  windblown samples than residual  samples, and the 
enrichment r a t i o  was 1.43. The corresponding value fo r  rangeland was 2.61. 
The la rger  E R  on rangeland compared t o  cropland was probably due t o  a higher 
concentration of P in  the surface because the  surface layer  was n o t  mixed by 
t i l l a g e ,  and perhaps the  erodible  aggregates a l so  contained more f i n e  mate- 
r i a l  on rangeland t h a n  on cropland. 

These data show t h a t  the  sa l t a t ion - s i ze  p a r t i c l e s  moved by wind a r e  of ten  
enriched in  P r e l a t i v e  t o  res idual  ( p a r e n t )  s o i l s .  The suspendible f r ac t ion  
t h a t  leaves the  local  area l i k e l y  undergoes fu r the r  enrichment, a s  suggested 
in Table 3 .  

SUMMARY A N D  CONCLUSIONS 

During wind eros ion ,  sal  t a t i o n  p a r t i c l e s  abrade the  surface aggregates .  
Typically,  b o t h  the  aggregates and s a l t a t i n g  p a r t i c l e s  (= 100 t o  840 pm diam- 
e t e r )  break down and cont r ibu te  t o  the  suspension-size pa r t i c l e s  ( <  100 pm 
diameter) which a r e  t ransported beyond f i e l d  borders. The f i n e  suspension- 
s i z e  p a r t i c l e s  ( <  53 pm diameter) can be t ransported tens  o f  kilometers by 
the wind, b u t  l i t t l e  i s  known about how various physical var iab les  govern  
the creat ion of these f i n e  p a r t i c l e s  and the  f ina l  composition of the f ine  
pa r t i c l e s .  A laboratory study of aggregate abrasion was designed in  which 
many of the var iab les  could be cont ro l led .  
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Number of Avai lab1 e phosphorus  En r i c hme n t 
WEG observations Windblown (W) Residual ( R )  r a t i o  ( W / R )  

--------------- ( k g / h a )  cropland _-_------------ 
1 20 
2 20 
3 14 
4 6 

4L 10 
5 2 
6 34 
7 0 
8 2 

Total 108 

33*a 
66**, 
6011s 
93 
67ns 
44 
83* 

60ns 
Av. 66** 

21 1.57 
34 1.94 
43 1.40 
99ns 0.94 
29 2.31 
46ns 0.96 
64 1.30 

33 1.82 
46 1.43 

(kg/ha) rangeland --------------- _-_------------ 

a* - Signi f icant  a t  95% level  
b** - Signi f icant  a t  99% level  
‘ns - Nonsignificant ( <  95%) 

One objec t ive  of t he  study was t o  determine the amount of f i n e  p a r t i c l e s  (WF) 
produced per un i t  mass of abrader as  influenced by ve loc i ty  ( V p ) ,  impact 
angle (a), diameter ( d p ) ,  and t ex tu re  of impacting s a l t a t i o n - s l z e  p a r t i c l e s  
and the s t a b i l i t y  ( S a )  of t h e  t a r g e t  aggregates.  A second objec t ive  was t o  
compare the  nu t r i en t  content  o f  t he  sa l t a t ion - s i ze  and  f i n e  suspension-size 
p a r t i c l e s  created t o  t h a t  of t h e i r  parent aggregates t o  check fo r  n u t r i e n t  
enrichment. Soil  samples trapped in  f i e l d  s a l t a t i o n  ca tchers  a l so  were 
checked fo r  ava i lab le  P enrichment. 

Individual aggregates ( 4  t o  8 cm diameter) were placed ins ide  a cyclone 
separa tor  and a ca l ibra ted  sandblast ing device was used t o  abrade them with 
weighed amounts of abrader.  Soil  of the  same tex tures  as  the aggregate and 
sand were used as the  two abraders .  
r e l a t ing  WF t o  V p ,  a, d p ,  Sa, AM, a n d  W f o r  s a n d ,  very f i n e  sandy loam, and 
s i l t y  c lay  loam abraders .  
s ive  erosion from the t a r g e t  aggregates.  

Three regression equations were developed 

AM i s  abrader mass and  W i s  predicted t o t a l  abra- 

The production of WF was influenced most by abrader tex ture .  
sandy loam t a r g e t s  (Sa  = 2.0 J/m2),  using so i l  abrader increased WF 3 t o  15 
times compared t o  s a n d  abrader ,  while on s i l t y  c lay  loam t a rge t s  (Sa = 8.0 
J/m2),  WF was always tenfold or  more grea te r  for  so i l  t h a n  fo r  sand abrader .  
Typical predicted values of WF were 5,  7 5 ,  4 ,  and  138 g / k g  f o r  sand a n d  s o i l  
abraders on very f i n e  sandy loam and s i l t  loam targets,  respec t ive ly ,  with 

On very f i n e  
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d p  = 350 vm, V p  = 350 cm/s, and a = 15 degrees.  
l a r g e r  Source of WF than the  t a r g e t  aggregates.  

In general ,  WF decreased a s  dp increased,  while WF increased a s  a increased 
from 15 t o  90 degrees.  
s i l t y  c lay  loam a t  la rge  d p , - t h e  p a r t i c l e s  evident ly  broke in to  l a r g e  f rag-  
ments so WF decreased a s  V p  increased. While WF production from both s o i l  
abraders  was i n i t i a l l y  l a r g e ,  the  ava i l ab le  WF i n  the  very f i n e  sandy loam 
abrader would be exhausted w i t h  fewer impacts than i n  s i l t y  c lay loam. 

The t o t a l  erosion from the  t a r g e t  aggregates decreased as Sa increased, b u t  
the proportion of the t o t a l  t h a t  was WF arose a t  low V p  and remained near ly  
constant  a t  high V p .  
the t o t a l  s o i l  eroded from the t a r g e t s  i n  typical  t e s t  condi t ions .  

Composite samples of the  parent aggregates ,  s a l t a t i o n - s i z e ,  and suspension- 
s ize  p a r t i c l e s  f o r  each s o i l  t e x t u r e  used i n  the  abrasion s t u d i e s  were 
analyzed f o r  ava i lab le  nitrogen ( N ) ,  a v a i l a b l e  phosphorus ( P ) ,  potassium ( K ) ,  
and organic matter ( O M ) .  I f  we def ine  enrichment r a t i o  ( E R )  a s  r a t i o  of 
n u t r i e n t s  i n  p a r t i c l e s  t o  those i n  parent aggregates,  t h e n  average ERs of  
p a r t i c l e s  < 53 pm i n  diameter derived from the labora tory  abrasion s t u d i e s  
were 3.11, 2.25, 1.67, and 1.91 f o r  N ,  P, K, and OM, r espec t ive ly ,  

S l i g h t l y  abraded s a l t a t i o n - s i z e  p a r t i c l e s  i n  t h e  labora tory  t e s t s  usua l ly  h a d  
ERs > 1 . 0 ,  b u t  they were not s t a t i s t i c a l l y  d i f f e r e n t  than t h e  la rge  aggre- 
ga tes  of t h e i r  parent s o i l s .  However, s o i l  p a r t i c l e s  trapped in  a la rge  
number of f i e l d  erosion ca tchers  of ten  had s i g n i f i c a n t l y  more P than parent  
s o i l s ,  and average ERs were 1.4 and 2 . 6  f o r  a v a i l a b l e  P on cropland and 
rangeland s i t e s ,  respec t ive ly .  The l a r g e r  ER on  rangeland compared t o  crop- 
land probably was due t o  higher concentrat ions of P near t h e  u n t i l l e d  range- 
l a n d  surface.  The enrichment data  show t h a t  the  sa l t a t ion - s i ze  p a r t i c l e s  
aerodynamically separated by the wind a r e  of ten enriched i n  P and, as sus- 
pendible p a r t i c l e s  a r e  created from them, they undergo f u r t h e r  enrichment. 

Clear ly ,  s o i l  abrader was a 

On very f i n e  sandy loam, WF increased w i t h  V p ,  but. on 

' 
For s a n d  abrader ,  WF ranged from 15 t o  65 percent of 

R E F E R E N C E S  

1 .  Cameron, R .  S . ,  and A.  M .  Posner. 1979. Mineralizable organic ni t rogen 
i n  s o i l  f rac t iona ted  according t o  p a r t i c l e  s i z e .  J .  Soil  Sc i .  30:565-577. 

2 .  Chepil ,  W .  S .  1957. Sedimentary c h a r a c t e r i s t i c s  of duststorms: I .  
Sor t ing of wind-eroded s o i l  m a t e r i a l .  h e r .  J .  of Sc i .  255:12-22. 

3.  Chepil ,  W .  S . ,  and N .  P. Woodruff. 1963. The physics of wind erosion 
and i t s  cont ro l .  Adv .  i n  Agron. 15:l-301. A .  G .  Norman, E d . ,  Academic 
Press,  New York. 

4. Chichester,  F .  W .  1969. Nitrogen in  s o i l  organo-mineral sedimentation 
f r a c t i o n s .  Soil Sci .  107:356-363. 

5.  F a r r e l l ,  0. A . ,  E .  L. Greacen, and W .  E .  Larson. 1967. The e f f e c t  of 
water content  on ax ia l  s t r a i n  i n  a loam s o i l  under tension and compres- 
s i o n .  Soil  Sci . SOC. h e r .  Proc. 31 :445-450. 

6 .  G i l l e t t e ,  D.  A. 1977. Fine p a r t i c u l a t e  emissions due t o  wind erosion.  
TRANS. of t h e  ASAE 20:890-897. 

7 .  G i l l e t t e ,  D .  A . ,  I .  H .  Bli f ford ,  J r . ,  and D.  W .  Fryrear.  1974. T h e  
inf luence of wind ve loc i ty  on the s i z e  d i s t r i b u t i o n s  o f  aerosols  gener- 
a ted by the  wind erosion of s o i l s .  J .  Geophys. Res. 79:4068-4075. 

128 



.. 
8. Hagen, L. J .  1984.  S o i l  a g g r e g a t e  a b r a s i o n  by  i m p a c t i n g  sand and s o i l  

p a r t i c l e s .  TRANS. o f  t h e  ASAE 27:805-808, 816. 

a g g r e g a t i o n .  Adv. i n  Agron.  18:107-169. A. G. Norman, Ed., Academic 
Press, New York. 

9. H a r r i s ,  R.  F., G. Chesters ,  and 0. N. A l l e n .  1966. Dynamics o f  s o i l  

10.  Merva, G. E., and G. Pe te rson .  1983. Wind e r o s i o n  samp l ing  i n  t h e  N o r t h  
C e n t r a l  Region.  ASAE Paper No. 83-2133, p r e s e n t e d  a t  ASAE Annual Meet-  
i n g ,  Bozeman, Montana, June 1983, 21 pp. 

p r o p e r t i e s  o f  d i f f e r e n t  s i z e d  n a t u r a l  a g g r e g a t e s  f r o m  Iowa s o i l s .  S o i l  
S c i .  SOC. Amer. Proc.  32:588-591. 

11. T a b a t a b i a ,  M. A., and J .  J .  Hanway. 1968.  Some chemica l  and p h y s i c a l  

129 


